Hempseed meal from three dioecious and three monoecious varieties has been evaluated for content and quality of the protein and for the concentration of antinutritional compounds. Hemp seeds were obtained from plants grown in two experimental fields for two consecutive years (2011)(2012). For all the varieties, hempseed meal resulted in a rich source of protein (34% mean content) with an amino acid profile extremely rich in arginine and slightly poor in lysine. Differences between dioecious and monoecious varieties were observed in the content of antinutritional compounds. They were more concentrated in monoecious varieties in comparison with those dioecious. The concentration of phytic acid in hempseed meal deserves attention in both groups, being 63 and 75.4 g•kg −1 of dry matter in dioecious and monocieous varieties, respectively. The results show that, besides the recognized value of hemp oil, also the hempseed cake could find application in animal feed as a substitute of other cakes (soybean, rapeseed). From this point of view, the dioecious varieties showing lower contents of antinutritional compounds with respect to the monoecious varieties would be preferred.
Materials and Methods

Plant Materials and Field Experiment
The experimental field trials on hemp were carried out for two consecutive years (2011) (2012) in Italy in two different locations of Lombardy region: Treviglio (45˚31'N, 9˚35'E; 125 m AMSL) and Cavriana (45˚20'N, 10˚35'E; 170 AMSL). The growing degree units were 579 and 645 for the two years (2011 and 2012, respectively) in Treviglio, and 667 and 721 in Cavriana for the same years. The total rainfall during the growth period of the hemp plants was 428 and 482 mm in the two years in Treviglio, and 498 and 344 for the same period in Cavriana. In both sites, the experimental design included the evaluation of 3 dioecious (Carmagnola, CS and Fibranova) and 3 monoecious varieties (Futura 75, Felina 32 and Ferimon). The experimental design was a randomized complete block with 3 replicate plots (10 m 2 /block) of each variety. Hemp plots were harvested at full maturity stage. Seeds were forced-air dried (30˚C) in a ventilated chamber until 8% seed moisture was reached.
Oil Extraction and Protein Assay
Seeds were ground in a mortar and mixed with hexane (1:10, w/v). The solution was vigorously shaken for 30 min. After centrifugation, the upper-liquid was collected and the extraction procedure repeated. The dried flour was used for analyses.
Protein was extracted from defatted flours by Plant Total Protein Extraction Kit (Sigma-Aldrich, Milan, Italy). The kit includes two reagents, a plant specific protease inhibitor cocktail and a chaotropic reagent with increased solubilizing power to extract more hydrophobic proteins. Protein content was determined by Quantum Protein Kit (Euroclone, Milan, Italy) using Bovine Serum Albumin (BSA) as standard.
Amino Acid Composition
In order to obtain the amino acid profile of the protein of the six varieties of hemp, the protein of each variety was extracted from a mixture of flours from the various plots. Fifty µL of protein extract was subjected to acid hydrolysis in 3 M mercaptoethanesulfonic acid containing 2 g•kg −1 NaN 3 at 110˚C for 16 h. Hydrolysed samples were then diluted ten times with HPLC quality water before amino acid analysis. The amino acid composition was determined by HPLC analysis of the 9-fluorenyl-methoxycarbonyl chloride/1-aminoadamantane (FMOC/ ADAM) derivatives. An aliquot (150 μL) of sample was added to 150 μL of a 200 mM Borate buffer (pH 10.0). Then, 300 μL of FMOC-Cl (in acetonitrile) was added and derivatization occurred. After 5 min, the reaction was stopped by the addition of 300 μL of 300 mM ADAM in water-acetonitrile (1:1, v/v) and the reaction lasted for 1 min to block the excess of FMOC through the formation of FMOC-ADAM complex. Then, the sample was filtered and analyzed by HPLC. The separation of FMOC/ADAM derivatives was performed at a flow rate of 0.9 mL•min −1 on a 150 × 4.6 mm Phenomenex Kinetex C18 2.6 µ reverse phase column. Two mobile phases were used: a) 50 mM Na-acetate (pH 4.2); b) acetonitrile. Phase B was maintained at 28% (v/v) for 3 min, increased linearly to 45% (v/v) over 24 min, increased linearly to 100% (v/v) over 5 min, remained to 100% for 5 min and then returned to 28% (v/v) in 2 min to regenerate the system. Fluorescence labelled amino acids were monitored using a Jasco fluorescence detector (model FP-920) at an excitation wavelength of 263 nm and emission wavelength of 313 nm.
Analysis of Antinutritional Compounds
Phytic acid, condensed tannins, cyanogenic glycosides and trypsin inhibitors were extracted and assayed according to Russo and Reggiani [24] .
Saponins were extracted overnight from defatted flour with absolute methanol (1:20, w/v). The samples were centrifuged for 15 min at 15,000 rpm and the methanol extract evaporated to dryness. Then the samples were resuspended in water: n-butanol (1:2, v/v). After 1 h of agitation, the samples were centrifuged and the higher alcoholic layer recovered. Saponin content was estimated according to Goel et al. [25] using Quillaja saponin (Sigma-Aldrich, Milan, Italy) as a reference standard.
Statistical Analyses
All analyses were carried out in triplicate. Analysis of Variance (ANOVA) was applied to establish significant differences (P ≤ 0.01) between hemp varieties in the levels of protein and antinutritional compounds using SPSS version 16.0 software. Mean separation was performed using Duncan's test and referring to P ≤ 0.05 probability level. Pearson's correlations between antinutritional compounds were also calculated. Figure 1 shows the protein content in six hemp varieties in the two years of cultivation (2011 and 2012) and in the two experimental fields (Treviglio and Cavriana). The protein content in HSM was, on average, 340 g•kg −1 dry matter (DM). Substantial differences are evident between years of cultivation. In 2012, protein concentration was higher respect to first year for all hemp varieties and in the two experimental fields. This was evidenced also by ANOVA analysis that showed highly significant difference for year of cultivation ( Table 1 ). In 2012, the temperatures recorded during the seed filling were higher in comparison with 2011 (resulting in > growing degree units in both sites), while rainfall resulted more abundant in the first year in Cavriana. As described in literature, during seed formation hemp prefers high temperatures (27˚C) and mild climate [26] . Moreover, high temperatures during seed filling intensify the protein synthesis with an increased protein content in meal due to a better translocation of mineral salts (nitrogen and sulphur) into xylematic tubes [27] . Instead, no difference was observed between dioecious and monoecious hemp groups in protein concentration ( Table 2) . 
Results and Discussion
Hempseed Meal Protein Content
Amino Acid Profile in Hemp Protein
The Table 3 shows the amino acid (AA) concentration in hydrolyzed protein of six varieties of hemp. The nutritional value of protein is determined by the profile of essential AAs (threonine, methionine, valine, phenylanine, isoleucine, leucine, tryptophan, histidine and lysine). Among AAs, glutamate and arginine were predominant in all hemp varieties with a mean of 17.2 and 12.0 g 100 g −1 protein, respectively. Arginine in hemp protein results higher respect to soybean and almost double than in rapeseed protein [28] [29] . This datum could be very interesting for feed industries, since young mammals have a high dietary requirement for arginine due to its role as a nitrogen carrier in tissue proteins and its key role in gastrointestinal growth and development. Some researchers consider arginine as a key essential AA for maximal growth of young pigs [30] , especially for piglet plasma concentrations decline throughout a sow's lactation [31] .
Among the essential AAs, threonine content was higher in the group of monoecious varieties (Futura 75, Felina 32, Ferimon) than in dioecious varieties (Carmagnola, CS, Fibranova). Plant storage protein is often poor in lysine (cereals) and solforated AAs (legumes). The mean content of lysine was 4.2 g 100 g −1 protein, while the content of methionine and cysteine was 2.4 and 1.7 g 100 g −1 protein, respectively. Fibranova showed a methionine content (2.8 g 100 g −1 protein) significantly above the mean. Lysine and methionine have been identified frequently as first limiting essential AAs in feedstuffs of growing cattle and lactating cows. Hemp protein results deficient in lysine respect to soybean and rapeseed proteins [28] [29] . Instead, methionine content is higher than in soybean and rapeseed proteins [28] [29] . Feedstuffs rich in methionine are very important for feed industries that often use methionine additive analogues to ensure animal requirements. In fact, methionine is clearly recognized as first limiting AA in poultry, high-yielding cows and third limiting AA in pigs [32] .
As described by House et al. [33] , the PDCAAS (protein digestibility corrected amino acid score) value for hemp protein sources is about 0.5 -0.6 and is positioned in the same range as the major pulse protein sources (e.g. beans, lentils), and above cereal grain products, such as whole wheat. The PDCAAS value for hemp protein will continue to remain in this range due to the limitation in lysine content. Future breeding efforts to increase lysine content in hemp may be guaranteed if the value of the protein component for animal consumption will lead to the development of a market for this crop. Therefore, HSM could partly replace soybean meal, in European feed industries, to reduce the expensive import costs of soy from South America. Hempseed derivedproducts are already used as feed material for all species [32] . In Mustafa et al. [34] , each sheep was feed up to 200 g•kg −1 of HSM and concluded that HSM is an excellent source of RUP (rumen undegraded protein), with high post-ruminal availability, and may replace canola and soybean meal with no detrimental effects on nutrient utilization by sheep. Data from feeding trials indicate that HSM could be used up to 20% in laying hens diets, although Gakhar et al. [35] reported a reduction of body weight of hen after a 4 weeks diet. 
Antinutritional Compounds in Hempseed Meal
In Table 1 it shows ANOVA for phytic acid, condensed tannins, cyanogenic glycosides, trypsin inhibitors and saponins for six varieties of hemp. ANOVA showed that is present a great significant variability for varieties, year of cultivation and their interaction for all the antinutritionals. Instead, variability attributable to experimental fields was significant only for condensed tannins and cyanogenic glycosides. In Table 2 it shows the levels of antinutritional compounds for the three dioecious varieties and the three monocieous varieties. For each group is shown the significance of variability between groups (P). As can be seen, phytic acid was lower in dioecious varieties than in monocieous varieties. This huge difference between the two groups was put in evidence by the P value and the Duncan's test. These elevated contents of phytic acid observed in defatted hemp flour are definitely higher than soybean (2%) or rapeseed (2.2%) [29] [36]. The main effect of phytic acid is the binding of important mineral nutrients (iron, zinc, calcium, phosphorus) which is a major concern when HSM is fed to monogastric animals lacking of the phytase enzyme. As a consequence of this, it is advisable to mix HSM with other plant flours exhibiting lower levels of phytic acid (cereals) for its use in monogastric animal feed formulations.
In Table 2 it shows the content of condensed tannins. The monocieous and dioecious groups of plants showed great significant differences between them evidenced by the P value. The monocieous varieties showed a mean content of condensed tannins (4.46 g•kg −1 DM) about double respect to dioecious varieties (2.28 g•kg −1 DM). Despite the total amount of condensed tannins in HSM resulted higher respect to soybean (0.1 g•kg −1 ) [37] , it can be considered relatively low if compared with other feed sources like forage [38] and, therefore, a negligible nutritional interference can be expected [39] . Moreover, the tannin level necessary for rejection by grazing animals is about 20 g•kg −1 DM [40] . Since Colombini et al. [41] found that low levels of dietary tannins were related to increased yields of fat-corrected milk and protein (possibly due to lower protein degradation in the rumen and lower N excretion for ruminants), feeding of varieties with the lowest content of condensed tannins (dioecious) would be desirable.
As can be seen, the mean content of cyanogenic glycosides was low even if different between dioecious and monocioeus varieties ( Table 2) . At levels above 100 ppm, the cyanogenic glycosides are dangerous for animal and human health [42] . However, having to dilute HSM with other flours to reduce the content of protein and other antinutritionals, the cyanogenic glycosides content falls below the threshold of 100 ppm.
The range of variation for trypsin inhibitor activities in hemp varieties was quite high ( Table 2) . Trypsin inhibitors are responsible for reduced digestibility of seed proteins, and, for this reason, constitute the main antinutritional factors of plant seed [43] . In Table 2 , the activities varied from 10.8 to 27.7 unit•mg −1 of defatted flour. However the levels of trypsin inhibitor activities result lower in comparison with those observed in some cereals and soybean [44] [45] . Among hemp varieties, fibranova exhibited the lowest trypsin inhibitor activity (letter "e" by Duncan's range test). Generally plant grains require heat processing to reduce trypsin inhibitors before their use as food or animal feed [44] . However, the excessive heat may decrease protein solubility and amino acid availability. Therefore, flours low in trypsin inhibitor activity could be interesting for feed industries to avoid expensive heat treatments and reduced nutritional quality of feed. The content of saponins showed significant difference among hemp varieties ( Table 2 ). The dioecious group showed a mean content of saponins (0.50 g•kg −1 ) lower than that observed in monocioeus varieties (0.68 g•kg −1 ). These levels of saponins are lower than that observed in flax and soybean [24] [45] .
In Table 4 it shows the correlation matrix calculated for the different antinutritional compounds. The Pearson correlation coefficients are given as a measure of linearity between two class of compounds. From Table 4 it is clear that all the antinutritional compounds considered in the six varieties of hemp are positively correlated. Probably, the biosynthetic pathways of these compounds in hemp are expressed simultaneously during the development of the seed.
Conclusions
Feed industries need new rich-protein fodder for animal, to increase meat, milk and egg productions. The remaining hemp meal after extraction of oil (which has its own commercial value), could be a new rich protein source available for use as animal feed. HSM shows a good protein content (34%), an interesting AA profile with elevated levels of arginine (but slightly poor in lysine) and a discrete digestibility of protein. In ruminants, heat treatment of hemp was shown to partially increase protein digestibility although such treatment leads to an increase of costs [46] . Such costs for HSM need to be comparable to other protein feeds to become a viable alternative on commercial farms [46] . The evaluation of antinutritional compounds in HSM varieties, put in evidence the extremely high levels of phytic acid. From this point of view, HSM from dioecious varieties is better than that from monoecious varieties. As mentioned above, the restricted limit of 20% of HSM in animal diet allows lowering the concentration of antinutritionals and in particular of phytic acid. However, it is important to monitor phytate content in monogastric animal, since exposure of animals to high level of phytate over the long term could cause important nutritionally deficiencies, especially for iron and zinc [47] . To increase the use of HSM in feed would be desirable breeding for low content of phytate. Otherwise, a research has to be undertaken to identify mutants with lowphytic acid occurred in soybean [48] .
